Objectives: Although there is increasing demand for physicians from various specialties to be trained in ultrasonography (US), it is currently not being taught at most Canadian undergraduate medical schools in a comprehensive manner. The purpose of this study was to develop objectives to form the foundation of a comprehensive undergraduate US curriculum. Methods: After completing an environmental assessment, which included a review of our current undergraduate objectives, a literature review was performed to identify published undergraduate US objectives. Using this information, a preliminary list of objectives was developed. The list was distributed electronically to 12 content experts from 10 disciplines and, using a two-round modified Delphi process, consensus about the inclusion of educational objectives was obtained. An a priori consensus criterion of 75% agreement was used to determine objectives that would be included in the curriculum. Objectives that met consensus in the first round of the survey were excluded from second round evaluation. Results: Review of our undergraduate curriculum revealed that there were already 10 objectives relating to US. Combining existing objectives with those found during the literature review, an initial list of 79 objectives was produced. Sixteen of these were approved during the first Delphi round, while the remaining 63 objectives required rating during a second round. A final list of 25 objectives was produced. Conclusions: Using a modified Delphi process, physicians from diverse backgrounds reflecting current and future use of US developed 25 multi-disciplinary objectives for a comprehensive undergraduate medical school US curriculum.
INTRODUCTION
Ultrasonography (US) has been shown to be a safe and effective method for diagnosing a number of medical problems [1] [2] . With increasing technology, equipment has become more portable, compact and less expensive, allowing US use to grow in many different medical specialties [1, 3] . When applied appropriately, point-of-care ultrasonography (PoCUS) can provide efficient real-time diagnosis while supplementing or replacing more advanced imaging in specific situations [1] .
Studies have consistently demonstrated that undergraduate medical students are capable of learning and performing US exam skills [4] [5] [6] , and that both junior and senior students find that using US can help reinforce theoretical and anatomical concepts [7] [8] . Currently, the majority of US training takes place at the postgraduate level in specific residency programs (eg. Radiology, Cardiology, Obstetrics/Gynecology, and Emergency Medicine).
While several integrated US curricula at the undergraduate level do exist in the United States [9] [10] , based on the results of a literature review, only a few Canadian medical schools have recently attempted to introduce comprehensive undergraduate US training. At the University of Ottawa, current US teaching is mainly limited to theory presented during radiology and obstetric lectures [11] . The purpose of this study was to determine the objectives that would form a longitudinal undergraduate US curriculum..
METHODS

Preliminary bank of objectives:
A preliminary list of objectives was developed using a variety of sources. An environmental assessment was completed that included a comprehensive review of the current undergraduate medicine objectives at the University of Ottawa to identify any current objectives relating to US. This was accomplished through a keyword analysis and manual search of the university's published objectives. A literature review was then performed using both MESH and general search terms in PubMed and Scopus (Appendix 1) to identify any papers related to the teaching of US in undergraduate medical education. In addition to scholarly papers, publicly available online material as well as individual American and Canadian medical school websites were also searched for all existing undergraduate US curricula accessible through their respective internal search engines [10, 13] . Finally, faculty members at the University of Ottawa representing 10 different specialties (Table 1) were asked to identify any objectives related to the current use of US in their respective specialties. The information gathered was collated to form a preliminary list of objectives.
Modified Delphi Method:
A two-round modified Delphi process was utilized in order to achieve consensus about the educational objectives to be included in the curriculum. The Delphi technique uses multiple rounds of surveys to gain consensus amongst participants about a topic with which they are perceived to have expertise [12] . Using a purposive sample, a local group of 12 experts representing 10 different medical specialties were invited to participate in evaluating a comprehensive list of prospective objectives (Table 1) . Experts from different departments were identified as those that were heads of US programs or identified as having a significant interest in US. Many different variations on the modified Delphi design have been published [12] . We chose to have two rounds of evaluation as this allowed the survey to be completed in a timely manner while still meeting the recommended range of rounds suggested by the literature [10] . The process was administered via a web-based electronic survey (SurveyMonkey Inc., Palo Alto, California, USA). In each round, a priori consensus criteria were established to determine which objectives would meet the criteria for inclusion, exclusion or for further consideration. Prior to the first round of the Delphi process, three physicians not participating in the study piloted the survey. Minor adjustments and edits were made based on their feedback.
Round One: In the first round, the 12 content experts were asked to rate each objective from the preliminary bank of objectives. An e-mail was sent to each participant providing a web link to complete the online survey. Individual participant ratings were kept anonymous from the other content experts and were only identifiable to the principal investigator and the research medical student following the completion of the survey. This allowed participants to evaluate each objective free of external influence. Reminder emails were sent to participants with outstanding surveys on a biweekly basis. The survey included a description of the process and a list of considerations to make prior to ranking the objectives (Appendix 2).
In the first round, each item was evaluated with a 7-point Likert scale, ranging from "strongly agree" to "strongly disagree", accompanied by a comment box for each item as well as a comment section for the overall survey. For an objective to meet the predefined inclusion or exclusion criteria, 75% of participants had to agree in their ratings. Objectives that were rated either 6 (Agree) or 7 (Strongly Agree) by 75% of the survey participants were considered to have met the consensus criterion for inclusion. Conversely, items that were rated 1 (Strongly Disagree) or 2 (Disagree) by 75% of participants were considered to have met the exclusion criterion. While no definite cutoff is agreed upon in the literature [10] , recent studies relevant to our own have used a 75% cutoff for their own curriculum and devel-opment of competencies [14] [15] [16] .
Round Two: Only objectives that did not meet either the inclusion or exclusion criteria in the first round of the survey were reevaluated in the second round of the modified Delphi process. For the second round, the survey was adapted to a 3-point scale that included the following options: Do Not Include, For Consideration and Include. With each objective, the mean numerical score from the first round of ratings was provided to provide participants with information about the collective opinion, a technique recommended by Hasson et al. [14] . It also aided with rating some of the objectives that may not have been pertinent to the individuals' respective specialties.
The second round procedure remained the same as the first round with the exception of the 3-point Likert scale that was used instead of the 7-point Likert scale employed in the first round. Again, a priori consensus criteria were used: an objective met the inclusion or exclusion criteria if 75% of participants rated it as "Include" or "Do Not Include" respectively. Any objective that did not meet the above criteria was placed in a category "For Consideration." Objectives remaining in the "For Consideration" category would receive subsequent review by a curriculum committee regarding their inclusion at a later date.
RESULTS
79 US objectives were generated through expert submission and literature review of the current University of Ottawa curriculum. Of these 79 US objectives, 10 were generated from pre-existing objectives in the current University of Ottawa curriculum. The US content experts represented a broad background in terms of education, practice type and specialty (Table 2 ). In the first round of the modified Delphi process, a 100% response rate was achieved. Sixteen of the 79 objectives met the consensus criterion for inclusion (Table 3) . No item met the exclusion criterion; the remaining objectives were reevaluated in the second round of the modified Delphi process. In the second round of the modified Delphi process 63 objectives were reevaluated with a 100% response rate. Following the second round of evaluation, nine additional objectives met the inclusion consensus criterion, (Figure 2 ) while two objectives met the exclusion criterion. The remaining 52 objectives did not meet either consensus criteria and required further consideration. Following the Delphi process, these objectives were sent for review by curriculum experts to determine which objectives were reasonable and or feasible to be implemented in the curriculum.
DISCUSSION
The modified Delphi process we successful at identifying 25 multi-disciplinary objectives to form the core of an undergraduate medicine US curriculum. Approved objectives were both theoretical and practical in nature and spanned the entire undergraduate medical curriculum at the University of Ottawa. As expected, the objectives regarding basic foundational theory were amongst the most highly agreed upon. Beyond this observation, there did not seem to be any observable trends or patterns to ratings based on individual participant or objective topic. This likely reflects the broad multidisciplinary background of our participants.
At the conclusion of the modified Delphi process, 52 of the 79 objectives were left in the category "For Consideration." Several factors likely contributed to this result. Where our study gained strength from having a multi-disciplinary group of participants, this feature likely prevented most objectives from being rated either too positively or too negatively, leaving some undecided. With the varied initial bank of objectives and the broad representation of specialties, there were instances where an objective had strong support, but only for a few individuals. Combined with the reasonably strict inclusion criterion, many objectives finished in the "For Consideration" category.
Compared to the work of Penciner et al, who approved 62 of a possible 152 (41%) emergency medicine clerkship competencies using a similar modified Delphi process [15] , we were able to approve a similar proportion of curriculum objectives (32%). However, a key difference in the methods of our study was that we allowed participants three options in the final round of evaluation as opposed to requiring a dichotomous decision. Allowing for a more moderate survey choice allows raters to be indecisive when they are not certain and likely prevented objec- O r i g i n a l Re s e a rc h tives from meeting inclusion and exclusion criteria [17] . Other explanations as for why some objectives did not meet either consensus criteria speak to the limitations of our study. Our group of participants was limited in size to 12. Similar studies using the Delphi process at a regional or national level have been able to secure larger participant numbers [18] [19] . While we aimed to create a curriculum that could be generalizable across Canada, as well as schools beyond Canada, our survey's participants were limited to the University of Ottawa. The number of local US experts was limiting to our sample size. Within this sample, our recruitment criteria resulted in increased radiologist representation that may have added an additional source of bias to the results. In addition, despite pre-survey instructions (Appendix 2), it was evident from some of the additional comments that participants were still concerned with the feasibility of a minority of the resource intensive objectives while rating them. Our goal in asking participants to ignore resource considerations while evaluating objectives was to identify the ideal content for the curriculum through the Delphi process. Further committees would deal with the practical aspects of implementing the curriculum at a later date. Inability to look past feasibility concerns likely led to several objectives not meeting the positive consensus criterion that would have otherwise.
While the survey process was designed to promote curriculum development free of external pressure, it should be noted that the process was not completely blinded. While this incomplete blinding was a likely a source of bias, the anonymous nature of the responses during the survey process may have minimized the extent of this bias. As seen in similar studies, an external review could have been completed to evaluate the validity of the results and extent of bias within our methodology [15] . This step was omitted, as our results required further external review locally prior to being implemented into a curriculum..
CONCLUSION
The modified Delphi process was able to systematically achieve consensus with 25 core objectives to form an undergraduate medical US curriculum. The process was successful at obtaining multidisciplinary input representing the current and future landscape of US use in medicine. We were also able to attain this information in a manner that minimized external pressure or influence and promoted participant opinion. Although the majority of curriculum objectives will require further consideration, our study was not intended to be a final step. Further consideration and analysis of our results is needed to determine which of the undecided objectives are required to ensure the final curriculum is comprehensive and consistent. Next steps will include the development of educational strategies to implement and deliver the proposed curriculum. Following implementation, further efforts will be taken to evaluate its efficacy and make any required modifications. Ultimately, we were able to achieve consensus with 25 curriculum objectives amongst a diverse group of experts using a modified Delphi process to form the core of an undergraduate US curriculum. Interpret global left ventricular function (normal/mildly depressed/severely depressed/hyperdynamic) using ultrasound.
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Recognize the appearance of hydronephrosis.
Recognize the appearance and describe the limitations of obtaining images of the gall bladder, kidneys and intestines.
Recognize the appearance of a fetal heartbeat.
Recognize the appearance of the uterus and bladder.
• Assess the post-void residual volume of a patient using ultrasound.
Demonstrate and identify the appearance of the liver, gall bladder, spleen and pancreas in both and adult and pediatric population. Recognize the role of ultrasound in performing regional nerve blocks.
Recognize the role of ultrasound in performing a lumbar puncture.
• Perform an extended focused assessment with sonography for trauma (eFAST -Checking for free fluid in the abdomen and a pneumothorax).
• Demonstrate the use of M-mode to assess a pneumothorax.
Confirm the placement of an endotracheal tube using ultrasound.
• Describe the algorithmic approach using ultrasound to assist in undifferentiated shock (R.U.S.H. exam, Rapid Ultrasound for Shock and HypotensionHeart, IVC, Morison's Pouch/FAST, Aorta, Pneumothorax).
• Determine and identify superficial foreign bodies and help with their removal using ultrasound.
Recognize the ultrasound appearance of cardiac standstill.
Recognize the appearance of pulmonary edema on ultrasound Table 4 . Objectives needing further consideration for inclusion in undergraduate medical ultrasound curriculum
